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LOW POWER ANALOG TO DIGITAL 
CONVERTER HAVING REDUCED BIAS 

DURING AN INACTIVE PHASE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of US. patent application 
Ser. No. 10/946,321, ?led on Sep. 21, 2004, now US. Pat. 
No. 6,967,610 Which is a divisional of US. patent applica 
tion Ser. No. 10/313,369, ?led on Dec. 6, 2002 now US. Pat. 
No. 6,839,015. The disclosures of the above applications are 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to a multi-stage pipelined 
analog to digital converter, and more particularly to a 
method for reducing poWer consumption of each stage of an 
analog to digital converter. 

BACKGROUND OF THE INVENTION 

Multi-stage pipelined analog to digital converters (ADC) 
provide ef?cient high speed conversion of analog signals to 
digital equivalents. A representative multi-stage pipelined 
ADC 10 is shoWn in FIG. 1. The ADC 10 generally includes 
a plurality of converter stages, such as stages 11, 12 and 13, 
arranged in series relative to each other. Each converter 
stage operates by comparing an analog input voltage to 
thresholds provided by reference signals Vrefp and Vrefn. 
As a result, each converter stage provides one or more bits 
of digital data to a digital correction circuit 15. The digital 
correction circuit 15, in turn, resolves the digital output from 
each stage into a digital output 16 that corresponds to an 
analog input 17. 

FIG. 2 is a generaliZed block diagram of each converter 
stage. In operation, each stage accepts an analog input 
voltage and generates a residual analog voltage and a digital 
stage output. In particular, each stage applies the analog 
input voltage to a multiplying digital to analog converter 
(MDAC) 19 to generate the residual analog voltage. The 
residual analog voltage is then provided to a comparator 18, 
Which generates the digital stage output. The residual analog 
voltage also serves as input to subsequent converter stages. 
This arrangement is also referred to herein as a bit-and-one 
half analog to digital converter. 

Each converter stage may include a sWitched capacitor 
circuit as shoWn in FIG. 3. The sWitched capacitor circuit 
operates in accordance With a tWo cycle clock With phases 
designated as (D1 and (D2. During a sampling phase, input 
capacitors C 1 and C2 are charged by an input voltage Vin. In 
this phase, an operational ampli?er 21 does not perform a 
function. During a subsequent integration phase, the 
sWitched capacitor circuit generates a residual output volt 
age. More speci?cally, the charge stored by the input capaci 
tors is integrated by the operational ampli?er 21 to generate 
an output voltage Vow. In other Words, the operational 
ampli?er 21 is active every other clock cycle. The same bias 
current is continuously supplied to the operational ampli?er 
21. 

SUMMARY OF THE INVENTION 

A circuit With reduced poWer consumption comprises a 
?rst circuit that has periodic active and inactive phases and 
that sWitches betWeen the periodic active and inactive 
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2 
phases during operation of the ?rst circuit. A second circuit 
communicates With the ?rst circuit, has periodic active and 
inactive phases, and sWitches betWeen the periodic active 
and inactive phases during operation of the second circuit. 
When the ?rst circuit is in the active phase, the second 
circuit is in the inactive phase, and When the second circuit 
is in the active phase, the ?rst circuit is in the inactive phase. 
A poWer supply communicates With the ?rst and second 
circuits and generates ?rst and second bias signals. The 
poWer supply selectively generates the ?rst bias signal for 
the ?rst circuit during the active phase of the ?rst circuit, the 
second bias signal for the second circuit during the inactive 
phase of the second circuit, the second bias signal for the 
?rst circuit during the inactive phase of the ?rst circuit, and 
the ?rst bias signal for the second circuit during the active 
phase of the second circuit. The second bias signal is less 
than the ?rst bias signal. 

In other features, the ?rst bias signal is greater than Zero 
and the second bias signal is Zero. The ?rst and second bias 
signals are greater than Zero. The poWer supply is a variable 
poWer supply that selectively provides the ?rst and second 
bias signals during the periodic active and inactive phases, 
respectively. The poWer supply includes tWo poWer supplies, 
and only one of the tWo poWer supplies communicates With 
the ?rst circuit during the inactive phase. The poWer supply 
includes a current source. 

In still other features, the poWer supply includes a voltage 
source. The ?rst circuit is one of a sWitched capacitor ?lter 
and an analog to digital converter. The periodic active and 
inactive phases of the ?rst circuit are one of regular periodic 
or irregular periodic. The ?rst bias signal is one of a square 
Waveform, a stepped Waveform having a ?rst level followed 
by a second level, a linearly changing Waveform, or a 
non-linearly changing Waveform. 

In other features, a circuit With reduced poWer consump 
tion comprises ?rst circuit means for sWitching betWeen 
periodic active and inactive phases during operation of the 
?rst circuit means and second circuit means for communi 
cating With the ?rst circuit means and for sWitching betWeen 
periodic active and inactive phases during operation of the 
second circuit means. When the ?rst circuit means is in the 
active phase, the second circuit means is in the inactive 
phase, and When the second circuit means is in the active 
phase, the ?rst circuit means is in the inactive phase. The 
circuit includes poWer supply means for communicating 
With the ?rst and second circuit means and for providing ?rst 
and second bias signals. The poWer supply means selectively 
generates the ?rst bias signal for the ?rst circuit means 
during the active phase of the ?rst circuit means, the second 
bias signal for the second circuit means during the inactive 
phase of the second circuit means, the second bias signal for 
the ?rst circuit means during the inactive phase of the ?rst 
circuit means, and the ?rst bias signal for the second circuit 
means during the active phase of the second circuit means. 
The second bias signal is less than the ?rst bias signal. 

In still other features, the ?rst bias signal is greater than 
Zero and the second bias signal is Zero. The ?rst and second 
bias signals are greater than Zero. The poWer supply means 
is a variable poWer supply that selectively provides the ?rst 
and second bias signals during the periodic active and 
inactive phases, respectively. The poWer supply means 
includes tWo poWer supplies, and only one of the tWo poWer 
supplies communicates With the ?rst circuit means during 
the inactive phase. The poWer supply means includes a 
current source. 

In still other features, the poWer supply means includes a 
voltage source. The ?rst circuit means is one of a sWitched 
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capacitor ?lter and an analog to digital converter. The 
periodic active and inactive phases of the ?rst circuit means 
are one of regular periodic or irregular periodic. The ?rst 
bias signal is one of a square waveform, a stepped waveform 
having a ?rst level followed by a second level, a linearly 
changing waveform, or a non-linearly changing waveform. 

In other features, a method for reducing power consump 
tion of a circuit comprises switching a ?rst circuit between 
periodic active and inactive phases during operation of the 
?rst circuit. A second circuit is switched between periodic 
active and inactive phases during operation of the second 
circuit. When the ?rst circuit is in the active phase, the 
second circuit is in the inactive phase and when the second 
circuit is in the active phase, the ?rst circuit is in the inactive 
phase. A ?rst bias signal is selectively generated for the ?rst 
circuit during the active phase of the ?rst circuit, a second 
bias signal is selectively generated for the second circuit 
during the inactive phase of the second circuit, the second 
bias signal is selectively generated for the ?rst circuit during 
the inactive phase of the ?rst circuit, and the ?rst bias signal 
is selectively generated for the second circuit during the 
active phase of the second circuit. The second bias signal is 
less than the ?rst bias signal. 

In still other features, the ?rst bias signal is greater than 
Zero and the second bias signal is Zero. The ?rst and second 
bias signals are greater than Zero. A variable power supply 
is used to selectively provide the ?rst and second bias signals 
during the periodic active and inactive phases, respectively. 
Two power supplies are provided, and only one of the two 
power supplies is connected to the ?rst circuit during the 
inactive phase. 

In still other features, the ?rst circuit is one of a switched 
capacitor ?lter and an analog to digital converter. The ?rst 
bias signal is one of a square waveform, a stepped waveform 
having a ?rst level followed by a second level, a linearly 
changing waveform, or a non-linearly changing waveform. 
The periodic active and inactive phases of the ?rst circuit are 
one of regular periodic or irregular periodic. 

In other features, a multi-stage circuit with reduced power 
consumption comprises a ?rst stage including a ?rst circuit 
that has periodic active and inactive phases and that switches 
between the periodic active and inactive phases during 
operation of the ?rst circuit, and a ?rst power supply that 
selectively generates a ?rst bias signal for the ?rst circuit 
during the active phase of the ?rst circuit and a second bias 
signal for the ?rst circuit during the inactive phase of the ?rst 
circuit. A second stage includes a second circuit that com 
municates with the ?rst circuit, that has periodic active and 
inactive phases, and that switches between the periodic 
active and inactive phases during operation of the second 
circuit, and a second power supply that selectively generates 
the ?rst bias signal for the second circuit during the active 
phase of the second circuit and the second bias signal for the 
second circuit during the inactive phase of the second 
circuit. When the ?rst circuit is in the active phase, the 
second circuit is in the inactive phase, and when the second 
circuit is in the active phase, the ?rst circuit is in the inactive 
phase. The second bias signal is less than the ?rst bias signal. 

In still other features, the ?rst bias signal is greater than 
Zero and the second bias signal is Zero. The ?rst and second 
bias signals are greater than Zero. The ?rst and second power 
supplies are variable power supplies that selectively provide 
the ?rst and second bias signals during the periodic active 
and inactive phases, respectively. At least one of the ?rst and 
second power supplies includes a current source. 

In still other features, at least one of the ?rst and second 
power supplies includes a voltage source. The ?rst circuit is 
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4 
one of a switched capacitor ?lter and an analog to digital 
converter. The periodic active and inactive phases of the ?rst 
circuit are one of regular periodic or irregular periodic. The 
?rst bias signal is one of a square waveform, a stepped 
waveform having a ?rst level followed by a second level, a 
linearly changing waveform, or a non-linearly changing 
waveform. 

Further areas of applicability of the present invention will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip 
tion and speci?c examples, while indicating the preferred 
embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description and the accompanying draw 
ings, wherein: 

FIG. 1 is a block diagram depicting a conventional 
multi-stage pipelined analog to digital converter (ADC) 
according to the prior art; 

FIG. 2 is a block diagram an exemplary converter stage 
residing in the multi-stage ADC according to the prior art; 

FIG. 3 is a block diagram of a conventional switched 
capacitor circuit which may be implemented in a converter 
stage of the multi-stage ADC according to the prior art; 

FIG. 4A is a block diagram of a ?rst switched capacitor 
circuit with reduced power consumption in accordance with 
the present invention; 

FIG. 4B is a ?owchart illustrating the operation of the 
circuit in FIG. 4A; 

FIG. 5 illustrates a current mirror according to the prior 
art; 

FIG. 6A is a diagram of a second switched capacitor 
circuit with reduced power consumption in accordance with 
the present invention; 

FIG. 6B is a ?owchart illustrating the operation of the 
circuit in FIG. 6A; 

FIG. 7A is a diagram of a third switched capacitor circuit 
with reduced power consumption in accordance with the 
present invention; and 

FIG. 7B is a ?owchart illustrating the operation of the 
circuit in FIG. 7A. 

FIG. 8A illustrates a circuit having regular and/or irregu 
lar periodic active and inactive phases during operation and 
a power supply that supplies ?rst and second bias signals 
during the regular and/or irregular periodic active and inac 
tive phases, respectively; 

FIG. 8B illustrates exemplary regular periodic active and 
inactive phases for the circuit in FIG. 8A and exemplary ?rst 
and second bias signals during the regular periodic active 
and inactive phases, respectively; 

FIG. 8C illustrates exemplary irregular periodic active 
and inactive phases for the circuit in FIG. 8A and exemplary 
?rst and second bias signals during the irregular periodic 
active and inactive phases, respectively; 

FIG. 9A illustrates multiple circuits having regular and/or 
irregular periodic active and inactive phases during opera 
tion and one or more power supplies that supply ?rst and 
second bias signals during the regular and/or irregular 
periodic active and inactive phases, respectively; 

FIG. 9B illustrates exemplary regular and/or irregular 
periodic active and inactive phases for each of the circuits in 
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FIG. 9A and exemplary ?rst and second bias signals during 
the regular and/or irregular periodic active and inactive 
phases, respectively; 

FIG. 1OA illustrates a square-Waveform bias signal and a 
Zero bias signal for the active and inactive phases, respec 
tively; 

FIG. 1OB illustrates the square-Waveform bias signal of 
FIG. 10A and a non-Zero bias signal for the active and 
inactive phases, respectively; FIG. 11A illustrates a stepped 
bias signal and a Zero bias signal for the active and inactive 
phases, respectively: 

FIG. 11B illustrates the stepped bias signal of FIG. 11A 
and a non-Zero bias signal for the active and inactive phases, 
respectively; 

FIG. 12A illustrates a linearly changing bias signal and a 
Zero bias signal for the active and inactive phases, respec 
tively; 

FIG. 12B illustrates the linearly changing bias signal of 
FIG. 12A and a non-Zero bias signal for the active and 
inactive phases, respectively; 

FIG. 13A illustrates an exponentially changing bias signal 
and a Zero bias signal for the active and inactive phases, 
respectively; 

FIG. 13B illustrates the exponentially changing bias sig 
nal of FIG. 13A and a non-Zero bias signal for the active and 
inactive phases, respectively; 

FIG. 14A illustrates a stair-stepped bias signal and a Zero 
bias signal for the active and inactive phases, respectively; 
and 

FIG. 14B illustrates the stair-stepped bias signal of FIG. 
14A and a non-Zero bias signal for the active and inactive 
phases, respectively. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The folloWing description of the preferred embodiment(s) 
is merely exemplary in nature and is in no Way intended to 
limit the invention, its application, or uses. For purposes of 
clarity, the same reference numbers Will be used in the 
draWings to identify similar elements. 

Referring noW to FIG. 4A, a partial schematic of tWo 
exemplary converter stages 41, 42 of a multi-stage pipelined 
analog to digital converter are shoWn. For simplicity only 
tWo stages are shoWn; hoWever, it is readily understood that 
an analog to digital converter may employ more converter 
stages. For instance, a nine bit analog to digital converter 
employs seven such converter stages. Moreover, it is readily 
understood that the operational schemes of the present 
invention are applicable to such converters. 

Each converter stage includes a sWitched capacitor circuit 
and a comparator. As noted above, each sWitched capacitor 
circuit operates in accordance With a tWo cycle clock. 
During a ?rst clock cycle, sWitches designated (D1 are closed 
and sWitches designated (I)2 are open; Whereas, during a 
second clock cycle, sWitches (D1 are open and sWitches (I)2 
are closed. 

During the ?rst clock cycle, input capacitors C11, C12 of 
the ?rst stage 41 are charged by an input voltage Vin. This 
process is also referred to herein as the sampling phase. 
Concurrently, the charged stored (from a previous clock 
cycle) in the input capacitors C21, C22 of the second stage 42 
is integrated by the operational ampli?er OP2 of the second 
stage 42 to generate a residual output voltage Vomz. This 
residual output voltage Vow2 is based on reference voltages 
as Well as digital output from the comparator. This process 
is also referred to herein as the integration phase. It should 
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6 
be noted that the operational ampli?er OPl of the ?rst stage 
41 is not active during this clock cycle. 

Conversely, during the second clock cycle, input capaci 
tors C21, C22 of the second stage 42 are charged by an input 
voltage Voml; Whereas, the charged stored in the input 
capacitors C11, C12 of the ?rst stage 41 is integrated by the 
operational ampli?er OPl of the ?rst stage 41 to generate a 
residual output voltage Voml. The residual output voltage 
Vowl from the ?rst stage serves as the input voltage to the 
second stage as shoWn in FIG. 4A. 

In accordance With the present invention, each operational 
ampli?er is only biased during the integration phase to 
reduce poWer consumption. Referring to FIGS. 4A and 4B, 
a current source 44 may be electrically connected to each of 
the operational ampli?ers 0P1, 0P2. In addition, sWitching 
elements 46, 47 may be located betWeen the current source 
44 and each of the operational ampli?ers 0P1, 0P2. During 
the ?rst clock cycle or phase (as determined in step 50), a 
bias current is supplied to the operational ampli?er OP2 of 
the second stage 42, but not to the operational ampli?er OP 1 
of the ?rst stage 41 (as shoWn in step 52). Conversely, during 
the second clock cycle, a bias current is supplied to the 
operational ampli?er OP 1 of the ?rst stage 41, but not to the 
operational ampli?er OP2 of the second stage 42 (as shoWn 
in step 52). In other Words, each operational ampli?er is 
biased only during its active state, thereby reducing the 
poWer consumption of the circuit. 
An exemplary circuit for biasing the operational ampli 

?ers is depicted in FIG. 5. In particular, a biasing circuit 60 
employs a current mirror con?guration as is Well knoWn in 
the art. In operation, transistors 62,64 serve as sWitching 
elements, Which control When a bias current is applied to a 
given operational ampli?er. HoWever, it is readily under 
stood that other circuit con?gurations for biasing the opera 
tional ampli?ers are Within the broader aspects of the present 
invention. 

In alternate embodiments depicted in FIGS. 6A and 7A, a 
fractional portion of the bias current may be supplied to each 
of the operational ampli?ers during the sampling phase. In 
other Words, each operational ampli?er is supplied With a 
full bias current during its integration phase and With a 
fractional portion of the full bias current during its sampling 
phase. Although not limited thereto, the fractional biasing 
current can be 25% of the full bias current. By supplying a 
fractional portion of bias current, the operational ampli?ers 
are able to maintain a common mode state during the 
sampling phase. The present invention reduces poWer con 
sumption of the circuit While maintaining the response of the 
operational ampli?er residing therein. 

Referring to FIGS. 6A and 6B, variable current sources 70 
may be electrically connected to each of the operational 
ampli?ers 0P1, 0P2. During the ?rst clock cycle or phase (as 
determined in step 74), the variable current source 70 of the 
second stage provides a bias current having a high level to 
the operational ampli?er OP2 of the second stage 42 (as 
shoWn in step 76). The variable current source of the ?rst 
stage provides a loW bias current to the operational ampli?er 
OPl of the ?rst stage 41 (as shoWn in step 76). 

During the second clock cycle or phase (as determined in 
step 74), the variable current source 70 provides a bias 
current having a high level to the operational ampli?er OPl 
of the ?rst stage 42 (as shoWn in step 78). The variable 
current sources 70 provide a loW bias current to the opera 
tional ampli?er OP2 of the second stage 41 (as shoWn in step 
78). In other Words, one operational ampli?er is biased by a 
high current level during its active phase and the other 
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operational ampli?er is biased by a loW current level during 
its inactive phase, and vice-versa, to reduce the power 
consumption of the circuit. 

The variable current sources 70 may receive clock infor 
mation such as a clock signal, (D1 and/or (I)2 as an input. In 
FIG. 6A, the variable current source 70 of the ?rst stage 
receives (D2 and the variable current source of the second 
stage receives (D1. As can be appreciated, the variable 
current sources may receive other signals that Will alloW the 
variable current source to determine When the associated 
stage is active or inactive. 

Referring to FIGS. 7A and 7B, tWo current sources I 1 and 
I2 may be selectively connected to each of the operational 
ampli?ers 0P1, OP2 depending upon the active/inactive 
phase of the stage. One of the tWo current sources is 
associated With a sWitch that closes during the active stage 
and opens during the inactive stage. During the ?rst clock 
cycle or phase (as determined in step 84), the operational 
ampli?er OP2 of the second stage 42 (as shoWn in step 86) 
is biased by both current sources I 1 and I2. The operational 
ampli?er OPl of the ?rst stage 41 (as shoWn in step 86) is 
biased by one current source I2. 

During the second clock cycle or phase (as determined in 
step 84), the operational ampli?er OP2 of the second stage 
42 (as shoWn in step 76) is biased by one current source I2. 
The operational ampli?er OP 1 of the ?rst stage 41 (as shoWn 
in step 76) is biased by both current sources I1 and I2. In 
other Words, one operational ampli?er is biased by a high 
current level during its active phase and the other opera 
tional ampli?er is biased by a loW current level during its 
inactive phase, and vice-versa, to reduce the poWer con 
sumption of the circuit. 

Referring noW to FIG. 8A, a circuit 100 having active and 
inactive phases during operation is shoWn. The active and 
inactive phases can be regularly periodic, or in other Words, 
alternating at regular intervals. Altemately, the active and 
inactive phases can be irregularly periodic, or in other 
Words, alternating betWeen active and inactive phases at 
different intervals. A poWer supply 110 supplies ?rst and 
second bias signals during the regular and/or irregular 
periodic active and inactive phases of the circuit 100, 
respectively. The second bias signal is loWer than the ?rst 
bias signal to reduce poWer consumption. The second bias 
signal can be loWer during the inactive chase because the 
inactive phase occurs after an active phase. The circuit has 
already settled during the active state and is operating in 
steady state. When the circuit transitions to the inactive state, 
the circuit needs less poWer to operate. 

The circuit 100 may provide phase feedback information 
to the poWer supply 110 if needed. The poWer supply 110 
can be a current source such as those described above, a 
voltage source or any other suitable poWer supply. The 
poWer supply 110 can include tWo poWer supplies that are 
sWitched in a manner similar to current sources shoWn above 

in FIG. 7A or a variable or multiple output poWer supply 
similar to the variable current sources shoWn in FIG. 6A. 
Example circuits 100 include sWitched capacitor ?lters such 
as those described in Us. Pat. No. 6,400,214, ?led Aug. 28, 
2000 to Aram et al., Which is hereby incorporated by 
reference in its entirety and digital to analog converters such 
as those described above. 

Referring noW to FIG. 8B, exemplary regular periodic 
active and inactive phases for the circuit in FIG. 8A are 
shoWn. The poWer supply 110 generates ?rst and second bias 
signals during the regular periodic active and inactive 
phases, respectively. Referring noW to FIG. 8C, exemplary 
irregular periodic active and inactive Phases for the circuit 
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8 
in FIG. 8A are shoWn. The poWer supply 110 provides ?rst 
and second bias signals during the irregular periodic active 
and inactive phases, respectively. 

FIG. 9A illustrates a circuit 120 including multiple sub 
circuits 122-1, 122-2, . . . , and 122-n having active and 

inactive phases during operation. The active and inactive 
phases ofthe sub-circuits 122-1, 122-2, . . . , and 122-n may 

be in-phase and/ or out-of-phase With respect to one another. 
The active and inactive phases may be regular and/or 
irregular periodic. One or more poWer supplies 126-1, 
126-2, . . . , and 126-n supply the ?rst and second bias 

signals during the active and inactive phases, respectively. A 
single poWer supply 128 With multiple outputs may be used 
to provide outputs to each stage of the circuit 120. The 
circuit 120 and/or the sub-circuits 122-1, 122-2, . . . , and 

122- n may provide phase feedback signals to the poWer 
supplies 126-1, 126-2, . . . , and 126-n if needed. Intercon 

nections betWeen the sub-circuits 126 may be varied from 
those shoWn. The circuit 120 may or may not be pipelined. 

Referring noW to FIGS. 10A-14B. exemplary ?rst and 
second bias signals are shoWn that can be used to bias the 
circuits shoWn in FIGS. 1-9. Generally, the ?rst bias signals 
occur during the active phase and have a signal level that is 
higher than the second bias signal that occurs during the 
inactive phase. The ?rst and second bias signals can be 
regular or irregular periodic. The ?rst and/or second signals 
can also be square-Waveform or constant signals, stepped 
signals, linearly changing signals and/ or non-linearly chang 
ing signals. 

Referring noW to FIGS. 10A and 10B, exemplary constant 
signals are shoWn. FIG. 10A illustrates a square-Waveform 
bias signal and a Zero bias signal for the active and inactive 
phases, respectively. FIG. 10B illustrates the square-Wave 
form bias signal of FIG. 10A and a non-Zero bias signal for 
the active and inactive phases, respectively. 

Referring noW to FIGS. 11A and 11B, exemplary stepped 
signals are shoWn. FIG. 11A illustrates a stepped bias signal 
and a Zero bias signal for the active and inactive phases, 
respectively. The stepped bias signal may include a high 
startup level folloWed by a loWer steady-state level. FIG. 
11B illustrates the stepped bias signal of FIG. 11A and a 
non-Zero bias signal for the active and inactive phases, 
respectively. 

Referring noW to FIGS. 12A and 12B. exemplary linearly 
changing signals are shoWn. FIG. 12A illustrates a linearly 
changing bias signal and a Zero bias signal for the active and 
inactive phases, respectively. FIG. 12B illustrates the lin 
early changing bias signal of FIG. 12A and a non-Zero bias 
signal for the active and inactive phases, respectively. 

Referring noW to FIGS. 13A and 13B, exemplary non 
linearly changing signals are shoWn. FIG. 13A illustrates an 
exponential bias signal and a Zero bias signal for the active 
and inactive phases, respectively. FIG. 13B illustrates the 
exponential bias signal of FIG. 13A and a non-Zero bias 
signal for the active and inactive phases, respectively. 

Referring noW to FIGS. 14A and 14B, other exemplary 
non- linearly changing signals are shoWn. FIG. 14A illus 
trates a stair-stepped bias signal and a Zero bias signal for the 
active and inactive phases, respectively. FIG. 14B illustrates 
the stair-stepped bias signal of FIG. 14A and a non-Zero bias 
signal for the active and inactive phases, respectively. 
As can be appreciated by skilled artisans, the Present 

invention signi?cantly reduces poWer consumption for 
devices having active and inactive periods. In addition, 
skilled artisans Will appreciate that other bias Waveforms can 
be used for the active and inactive phases in addition to those 
examples shoWn in FIGS. 10A*14B. Furthermore, the active 
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and inactive phases need not have the same periods, for 
example as shown in FIGS. 14A and 14B. The duration of 
the active and/or inactive period may also vary from one 
active phase and/or inactive phase to another. While the ?rst 
bias Waveforms in FIGS. 11A*14B are increasing Wave 
forms, decreasing Waveforms can also be used. 

Those skilled in the art can noW appreciate from the 
foregoing description that the broad teachings of the present 
invention can be implemented in a variety of forms. There 
fore, While this invention has been described in connection 
With particular examples thereof, the true scope of the 
invention should not be so limited since other modi?cations 
Will become apparent to the skilled practitioner upon a study 
of the draWings, the speci?cation and the folloWing claims. 

What is claimed is: 
1. A circuit With reduced poWer consumption, comprising: 
a ?rst circuit that has periodic active and inactive phases 

and that sWitches betWeen said periodic active and 
inactive phases during operation of said ?rst circuit; 

a second circuit that communicates With said ?rst circuit, 
that has periodic active and inactive phases, and that 
sWitches betWeen said periodic active and inactive 
phases during operation of said second circuit, Wherein 
When said ?rst circuit is in said active phase, said 
second circuit is in said inactive phase, and When said 
second circuit is in said active phase, said ?rst circuit 
is in said inactive phase; and 

a poWer supply that communicates With said ?rst and 
second circuits and that generates ?rst and second bias 
signals, 

Wherein said poWer supply selectively generates said ?rst 
bias signal for said ?rst circuit during said active phase 
of said ?rst circuit, said second bias signal for said 
second circuit during said inactive phase of said second 
circuit, said second bias signal for said ?rst circuit 
during said inactive phase of said ?rst circuit, and said 
?rst bias signal for said second circuit during said 
active phase of said second circuit; 

Wherein said second bias signal is less than said ?rst bias 
signal. 

2. The circuit of claim 1 Wherein said ?rst bias signal is 
greater than Zero and said second bias signal is Zero. 

3. The circuit of claim 1 Wherein said ?rst and second bias 
signals are greater than Zero. 

4. The circuit of claim 1 Wherein said poWer supply is a 
variable poWer supply that selectively provides said ?rst and 
second bias signals during said periodic active and inactive 
phases, respectively. 

5. The circuit of claim 1 Wherein said poWer supply 
includes tWo poWer supplies, and Wherein only one of said 
tWo poWer supplies communicates With said ?rst circuit 
during said inactive phase. 

6. The circuit of claim 1 Wherein said poWer supply 
includes a current source. 

7. The circuit of claim 1 Wherein said poWer supply 
includes a voltage source. 

8. The circuit of claim 1 Wherein said ?rst circuit is one 
of a sWitched capacitor ?lter and an analog to digital 
converter. 

9. The circuit of claim 1 Wherein said periodic active and 
inactive phases of said ?rst circuit are one of regular periodic 
or irregular periodic. 

10. The circuit of claim 1 Wherein said ?rst bias signal is 
one of a square Waveform, a stepped Waveform having a ?rst 
level folloWed by a second level, a linearly changing Wave 
form, or a non-linearly changing Waveform. 
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10 
11. A circuit With reduced poWer consumption, compris 

ing: 
?rst circuit means for sWitching betWeen periodic active 

and inactive phases during operation of said ?rst circuit 
means; 

second circuit means for communicating With said ?rst 
circuit means and for sWitching betWeen periodic active 
and inactive phases during operation of said second 
circuit means, Wherein When said ?rst circuit means is 
in said active phase, said second circuit means is in said 
inactive phase, and When said second circuit means is 
in said active phase, said ?rst circuit means is in said 
inactive phase; and 

poWer supply means for communicating With said ?rst 
and second circuit means and for providing ?rst and 
second bias signals, 

Wherein said poWer supply means selectively generates 
said ?rst bias signal for said ?rst circuit means during 
said active phase of said ?rst circuit means, said second 
bias signal for said second circuit means during said 
inactive phase of said second circuit means, said sec 
ond bias signal for said ?rst circuit means during said 
inactive phase of said ?rst circuit means, and said ?rst 
bias signal for said second circuit means during said 
active phase of said second circuit means, and 

Wherein said second bias signal is less than said ?rst bias 
signal. 

12. The circuit of claim 11 Wherein said ?rst bias signal 
is greater than Zero and said second bias signal is Zero. 

13. The circuit of claim 11 Wherein said ?rst and second 
bias signals are greater than Zero. 

14. The circuit of claim 11 Wherein said poWer supply 
means is a variable poWer supply that selectively provides 
said ?rst and second bias signals during said periodic active 
and inactive phases, respectively. 

15. The circuit of claim 11 Wherein said poWer supply 
means includes tWo poWer supplies, and Wherein only one of 
said tWo poWer supplies communicates With said ?rst circuit 
means during said inactive phase. 

16. The circuit of claim 11 Wherein said poWer supply 
means includes a current source. 

17. The circuit of claim 11 Wherein said poWer supply 
means includes a voltage source. 

18. The circuit of claim 11 Wherein said ?rst circuit means 
is one of a sWitched capacitor ?lter and an analog to digital 
converter. 

19. The circuit of claim 11 Wherein said periodic active 
and inactive phases of said ?rst circuit means are at least one 
of regular periodic and irregular periodic. 

20. The circuit of claim 11 Wherein said ?rst bias signal 
is at least one of a square Waveform, a stepped Waveform 
having a ?rst level folloWed by a second level, a linearly 
changing Waveform, and a non-linearly changing Waveform. 

21. A method for reducing poWer consumption of a 
circuit, comprising: 

sWitching a ?rst circuit betWeen periodic active and 
inactive phases during operation of said ?rst circuit; 

sWitching a second circuit betWeen periodic active and 
inactive phases during operation of said second circuit, 
Wherein When said ?rst circuit is in said active phase, 
said second circuit is in said inactive phase and When 
said second circuit is in said active phase, said ?rst 
circuit is in said inactive phase; and 

selectively generating a ?rst bias signal for said ?rst 
circuit during said active phase of said ?rst circuit, a 
second bias signal for said second circuit during said 
inactive phase of said second circuit, said second bias 
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signal for said ?rst circuit during said inactive phase of 
said ?rst circuit, and said ?rst bias signal for said 
second circuit during said active phase of said second 
circuit, 

Wherein said second bias signal is less than said ?rst bias 
signal. 

22. The method of claim 21 Wherein said ?rst bias signal 
is greater than Zero and said second bias signal is Zero. 

23. The method of claim 21 Wherein said ?rst and second 
bias signals are greater than Zero. 

24. The method of claim 21 further comprising using a 
variable poWer supply to selectively provide said ?rst and 
second bias signals during said periodic active and inactive 
phases, respectively. 

25. The method of claim 21 further comprising: 
providing tWo poWer supplies; and 
connecting only one of said tWo poWer supplies to said 

?rst circuit during said inactive phase. 
26. The method of claim 21 Wherein said ?rst circuit is 

one of a sWitched capacitor ?lter and an analog to digital 
converter. 

27. The method of claim 21 Wherein said ?rst bias signal 
is one of a square Waveform, a stepped Waveform having a 
?rst level folloWed by a second level, a linearly changing 
Waveform, or a non-linearly changing Waveform. 

28. The method of claim 21 Wherein said periodic active 
and inactive phases of said ?rst circuit are one of regular 
periodic or irregular periodic. 

29. A multi-stage circuit With reduced poWer consump 
tion, comprising: 

a ?rst stage including a ?rst circuit that has periodic active 
and inactive phases and that switches between said 
periodic active and inactive phases during operation of 
said ?rst circuit, and a ?rst poWer supply that selec 
tively generates a ?rst bias signal for said ?rst circuit 
during said active phase of said ?rst circuit and a 
second bias signal for said ?rst circuit during said 
inactive phase of said ?rst circuit; and 
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a second stage including a second circuit that communi 

cates With said ?rst circuit, that has periodic active and 
inactive phases, and that sWitches betWeen said peri 
odic active and inactive phases during operation of said 
second circuit, and a second poWer supply that selec 
tively generates said ?rst bias signal for said second 
circuit during said active phase of said second circuit 
and said second bias signal for said second circuit 
during said inactive phase of said second circuit, 

Wherein When said ?rst circuit is in said active phase, said 
second circuit is in said inactive phase, and When said 
second circuit is in said active phase, said ?rst circuit 
is in said inactive phase, and Wherein said second bias 
signal is less than said ?rst bias signal. 

30. The circuit of claim 29 Wherein said ?rst bias signal 
is greater than Zero and said second bias signal is Zero. 

31. The circuit of claim 29 Wherein said ?rst and second 
bias signals are greater than Zero. 

32. The circuit of claim 29 Wherein said ?rst and second 
poWer supplies are variable poWer supplies that selectively 
provide said ?rst and second bias signals during said peri 
odic active and inactive phases, respectively. 

33. The circuit of claim 29 Wherein at least one of said 
?rst and second poWer supplies includes a current source. 

34. The circuit of claim 29 Wherein at least one of said 
?rst and second poWer supplies includes a voltage source. 

35. The circuit of claim 29 Wherein said ?rst circuit is one 
of a sWitched capacitor ?lter and an analog to digital 
converter. 

36. The circuit of claim 29 Wherein said periodic active 
and inactive phases of said ?rst circuit are one of regular 
periodic or irregular periodic. 

37. The circuit of claim 29 Wherein said ?rst bias signal 
is one of a square Waveform, a stepped Waveform having a 
?rst level folloWed by a second level, a linearly changing 
Waveform, or a non-linearly changing Waveform. 

* * * * * 
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